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ON THE INHERITANCE OF THE SEX-RATIO. 

BY DAVID HERON, M.A. 

IT has been suggested that the approach to equality in male and female births 
is an illustration in some mysterious manner of Mendel's theory of heredity. 
Observers have actually counted the number of males and females born in divers 
species with the cornception that the approach to equiality thus rendered manifest 
illustrates in some way Mendelian principles. I am not prepared to say it does 
not, because I have failed to grasp the manner in which those principles are 
applied to this case. If the demnonstration depends, however, on the equality 
of the male and female births, their sensible inequality* in the case of man requires 
some further explanation; it is a case wherein environment or a priori, perhaps, 
race causes permanent, and fairly constant deviations from equality. The aim 
of the present paper is to show thiat, as far as the writer can judge, there is no 
inheritance, Mendelian or other, of the sex-ratio. So far it confirms the results of 
Dr F. A. Woods stated in the previous paper, but the method of approaching the 
problem differs from his. No assumption is made as to the existence of a Gaulssian 
distribution for the frequency, and the sex-ratio for the family of each individual is 
directly calculated and tabled. The paper further deals with the case of horse as 
well as man. There is no difficulty in extending the investigations to cattle and 
dogs from the herd and studbook returns, but the negative results provided by 
two such different species seem sufficient to demonstrate that the non-inheritance 
of sex is fairly widespread. 

The material is the following: 

(i) Data from a series of schedules on the size of families issued by Professor 
K. Pearson. Unfortunately this material proved less ample for this special purpose 
than we had anticipated. For although marriages must have existed at least 
15 years in both generations for a schedule to be filled in, it happened in a 
very large nunmber of the cases that the families in both generations did not 
provide the number (four) of children which seemned the least upon which a deter- 
mination of sex-ratio could be made. Only 348 cases were taken from this 
source. 

* See C. J. and J. N. Lewis: Natality and Fecundity, 1906. 
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80 On the Inheritance of the Sex-ratio 

(ii) Data drawn from The Whitney Family of Connecticut and its Affiliations 
(1649-1878), by S. Whitney Phoenix, 3 vols., Newport, 1878. This work con- 
tains a very great deal of genealogical information with regard to American 
families connected nearly or remotely with the Quaker Family of Whitney. In 
this case no family in both generations of less than four members was used to 
determine the sex-ratio. 2197 such families were extracted. 

(iii) Data drawn from The General Studbook, 20 vols., J. E. and T. P. Wetberby. 
In this case 1000 thoroughbred mares were taken at random and the sex-ratio of 
their produce and that of their dam calculated. Both mnother and dauighter 
must have had at least eight foals to be included in the list. 

Some word must be said as to what has been understood by sex-ratio in the 
course of the work. It has been taken to represent the fraction: number of male 
offspring divided by total number of offspring. This point must not be forgotten 
in the following investigation. Thus, in dealing with the father's sibship, there 
must always be one male, and, considering the average size of human families, it is 
extremely unlikely that the sex-ratio as defined above should fall between .00-*05, 
it would in fact require at least 20 children. Again, in the mother's sibship there 
is always one female, and thus it is unlikely that the sex-ratio should fall between 
*95 and 1-00; this would again require at least 20 children. It will be seen that 
in the sex-ratio of the offspring's sibship we have a tendency for the frequency to 
lump up in these terminal groups, although their range is only half that of the 
other elementary frequency groups. This is almost entirely due to families in 
which there are no males or no females. Undoubtedly certain individuals tend to 
produce offspring all of one sex, either per se or because they are mated with a 
special type of consort. The latter reason seems the more probable, because, in the 
case of thoroughbred horses, where the matings change there appears to be no similar 
tendency for produce all of one sex to occur. A special study of cases in man and 
other animals in which for the same mating there is constancy of sex would be 
very instructive. It is probably due, as the tendency shows no sign in our tables of 
inheritance, to some physical characteristic of the individual which remains wholly 
dormant until it is affected by a corresponding characteristic in the mate. In work- 
ing the moments and products, the frequency has been centered at the middle of the 
elementary range. This is probably not true in the case of the extreme elements 
in the offsprings' sibships in Tables I. and II., but the actual centering was found 
to have little influence on the correlations, anid made no modification in the funda- 
mental significance of the results. Sheppard's corrections were used. 

In Tables I. and II. the sex-ratio of a family is correlated with that of the 
father's and mother's sibships respectively. It may be said: Why not, when 
dealing with the latter sibship, leave out father and mother successively in 
calculating the sex-ratio? A somewhat similar method has been adopted by 
Francis Galton for another purpose, and is justified in his case if we may assume 
that the chance of male or female is practically one-half for each family. It does 
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D. HERON 81 

TABLE I. 

Correlation of Sibships of Father and Offspring. Whitney Data. 

Sex-Ratio of Offspring's- Sibship. 

5 1.10K 1 10 10 10 10 I0 10 4 I Ii I I i I i i i ~~~~~~~~Totals 

O-0 O5 -05- i z z 

0~.~ 5- -15 - - 1 2 
Q *1?5 5- 1 4 065 5 56 5 75S 3E5 2 - - 2 31 

-925 *35 1 1 6 6-5 16 12-5 5,5 6 7-5 2 64 
5 *354 452 3 14 12 28 39 30 19 11 6 6 170 

*45- 55- 2 17 23 31 50 34 27 24 4 3 215 

o 55 -*65 6 4 23,5 33-5 40 46 41 27 35 3 7 266 
. *65- 75 4 6 1515 18 31 40 5 31 29-25 22,25 3 7 207,5 - 75- *85 - 1 8 9 5 17 19-5 17 10-75 6,75 - 7 96,5 

* *85- 95 1 1 4-5 7@5 5 11 12 11.5 2-5 3 2 61 
95--100 - - 0.6 4 5 7 8 6 6.5 4,5 2 5 44 

Totals 14 19 93 115 181 232 185 140-5 115 5 21 41 1157 

TABLE II. 

Correlation of Sib8hips of Mother and Offspring. Whitney Data. 

Sex-Ratio of Offspring's Sibships. 

l 14ft~~10 
10 

1 10 10 10 
o -I 

10 10 
| . | 4 | 2 < | ; < < Totals 

C *00 *O*05 - 15 0 5 2 1 1 0 5 05 -- 7 
r 5 *O5- 15 2 2 4 4 5 2 3 5 - 2 29 
= *15-*25 - 9 13 935 18 12 8-5 13 1 4.5 88,5 
4 *25 -35 4 1 9,5 11,5 l175 36 21 18-5 15 2 555 141-5 0 *35- 45 10 3 18,5 21 5 39 54 44 27 22 6 5 250 

cH *45- 55 7 1 225 521,5 23 37 44 22 23 2 9 212 
o -55-- *65 5 - 15,5 17,5 29 36 32 23 21 1 10 190 
O *65- *75 1 05S 3-25 9'25 16 15 12 11'25 4'25 1,5 4-5 78'5 
-. *75- '85 - 05S 2'25 4'25 6 7 5 2175 4 75 05 0'5 33,5 

- *85- 95 - - 0 '5 15S 3 3 - 2 - - - 10 
- 
95-100 -00 - - - - - - - - - 

TotalIs 29 6 84'5 104'5 149 212 173 118'5 108'5 14 41 1040 

not a priori seem justified in the present investigation, for one of the points 
involved is, admitting the average sex-ratio for the race to be not very far from '5, 
does this ratio vary significantly from individual family to individual family, as we 
should expect if it were inherited ? Thus, if we leave mother or father out in 
calculating the sex-ratio of their sibship, we may be diminishingf or emphasising 
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82 On the Inheritance of the Sex-r-atio 

the possibly slight tendency of that sibship to femininity or miasculinity. The 
exclusion of even one individual can produce very sensible effects in the case 
of the small families which occur with huiman beings, althouigh it is of less 
significance in thQ case of horses or many othier mammals. It will thus be seen 
that the vertical and horizontal means and standard deviations of our Tables I. 
aild II. could not be expected to be in accordance. To test whether this peculiarity 
has.any influence on the result, Table III. was formed. This gives the correlation 
between sibships in the filial generation and all parental sibships. It would seem 
from this tabl-e that there really exists a marked difference between the distribu- 
tion of the sex-ratio in the two generations, families which tend wholly or largely 
to one sex being much under-represented in the mated populationi. 

TABLE. III. 

General Correlation, Parental and Filial Sibships. Whtitney Famtily. 

Sex-Ratio of Filial Sibships. 

P-4 ~~~~~~~I I I I I 'Totals 

' -05- -15 2 -2r 4 5 5 3 3 5. - 2 31 
- 15-- -25 - 1 13 13,5 14-5 23-5 19-5 12 15 1 6-5 119-5 
-25- -35 5 2 15-5 18 33,5 48-5 26-5 24,5 22,5 2 7-5 205,5 ~ 35- -45 12 6 32,5 33,5 67 93 74 46 33 12 11 420 
. 45- 55 7 339*5 44*5 54 87 78 49 47 6 12 427 

O 55-- 65 114 39 51 69 82 73 50 56 4 17 456 
0 65- -75 5 6% 18-75 27-25 47 55,5 43 40,5 26,5 4,5 11-5 286 - 75- -85 - J-5 10-25 13,75 23 26,5 22 13,5 11,5 0-5 7*5 130 

P4 85- -95 1 1 5 9 8 1 4 1 2 13,5 2,5 3 2 7 1 
~ 95-100 O- - O,5 4-5 7 8 6 6,5 4,5 2 5 44 

Totals 4 25177,5 219,5 330 444 358 259 224 35 j82 2197 

In Table IV. another method of investigating the problem "is considered, based 
also On different data. A sort of mid-parent was used. A joint-parental sibship 
was formed by com-bining mnother's anid father's sibships together and taking the 
sex-ratio for the total array. The result is precisely- the same as in the previo'us 
cases. 

In Table V. we have a wholly different method of approaching the problem. 
Here the sex-ratio of the produce of a thoroughbred mare-often reaching 14 to 
18 foals-has been determined and correlate-d with the produce of one of her 
fillies selected at random. In this case the produce is usuially due to a very 
considerable number of sires, or forms a half-sibship, some individuals, however, 
being possibly whole siblings. This method enables us to determine whether the 
individual has any tendency to produce one or other sex which is inherited by 
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D. HERON 83 

TABLE IV. 

Correlation of Joint Parental with Filial Sibships. Schedules. 

Sex-Ratio of Filial Sibship. 

X,~ ~ t o to to to to to to 1 
&02 I.o5--ls5 1- 1-1 - I I - I - I - 1- Totals 

Ca '-00 -- 
- .-. U- 

- . 00- .5 - 
- - - - - - - - - - - 

Ca *15- 25 -- 0 5 05 1 2,5 2 15 1 -- 9 
*25- *35 1 1 4 4 - 8-5 4-5 2,5 1 1- 27 5 
. 35-1-45 2 1 2-5 6-5 12 11 13,5 2-5 3-5 - 2 56-5 

* o 45- 55 1 3 7*5 9*5 26 18 17 5 16 5 10 5 1 1 111.5 
. 55- 65 1 2 4 5 6,5 15 22 16 18 5 2- 92 

o *65- 75 2 1 0 5 3,5 5 9 5 3 3-5 1 1 34,5 
o *75- 85 -- 05 4,5 3 3-5 115 2 0O5 1 16 5 

- 85- -95 -- - - OS - - 015 ; 9-95-1 00 - - - - - - - - - - - - 

Totals 7 8 20 35 62 75 60 46 25 5 [5 348 

TABLE V. 

Correlation of Sex-Ratios of Mother and Daughter Mares' Pro'duce. 
Thoroughbred Horses. 

Sex-Ratio of Mother's Produce. 

_ .~~~~~~~~~~~~~~~~~~Ttl 

-0oo- 05 __- 015 1. 
- . - 

4 

05 15 - - 0Q5 1. 3 6 2 - --- 13 
*15 -25 -15 6 7 11 8 7 5 1 -- 46,5 
25-5 -35 - 1P5 1015 20-5 23 35 30 12 3 1 - 136-5 
- 35 -45 2 9 9 25 58 60 41 13 5 - - 222 

p 45-- 55 - 6 19 27 61 72 47 20 5 - - 257 
'Z 55-- 65 - 4 12 25 51 52 38 11 6 - - 199 

o 65 -75 -1 3 14 18 21 1951 5 3 1 - 8515 
.75 -*85 - 1 1 3 6 10 65 2 - - - 29-5 

*85- 95 -- - 1 2 2 1 - -1 - 6 
P 95--100 - - - 1 - - - - - 1 

VO | Totals 2 24 61 5 125 5 235 267 191 69 23 2 1000 

11-2 
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84 On the Inheritance of the Sex-ratio 

her offspring, and is, perhaps, more satisfactory than the human determination. 
Reducing this material, we obtained the following results: 

TABLE VI. 

Mean and Standard Deviation of Sex-Ratios. 

i t Group 1 Mean J 
Standard 

Group Meai~~~~~~ Deviation 

1 Father's Sibship, Man ... . . * 589 + 004 *178 + 002 
2 Mother's Sibship, Man ... ... ... *456 + 003 *167 + *002 
3 All Parental Sibships, Man . ... 526+ 003 *185 + -002 
4 Filial Sibship, Table I., Man ... * 522 + -004 -208+ -003 
5 Filial Sibship, Table II., Man ... ... -520+ -005 *218+ -003 
6 Filial Sibships, Table III., Man ... 521+-003 210+-002 
7 Filial Sibships, Table IV., Man ... 504 ? -007 *193+ -005 
8 Joint Parental Sibships, Table IV., Man -521 + -005 -130+ -003 
9 Mare's Produce, Mother ... ... .. *463 + 003 *148 + -002 

10 Mare's Produce, Daughter ... *478+ -003 *151 + -002 

Now, if we examine this table, we cannot in the case of thoroughbred horses 
assert that any difference exists in the variability of the sex-ratio for the two 
generations. But in the case of man there certainly is a significant difference 
in the variability. While theie is no significance in the difference of the varia- 
bilities denoted by the row numbers 4, 5, and 6, and possibly not in 7, there 
is a difference more than six times the probable error of the difference between 
these variabilities and that of 3. There is, however, no difference in type between 
3, 4, 5, 6, 8, and possibly, but not certainly, 7 These figures demonstrate the 
point referred to above, that in the free mating of man, families with a preponder- 
ance of female or male eleinents are not drawn upon equally with families in 
which the sexes are more equally balanced. In the controlled mating of horses 
this result is not apparent. 

We have already noted that in the sibships which are not selected so as to 
have at least one male or one female, the type is fairly constant and gives a sex- 
ratio of about -522, which corresponds to 109 male births as compared with 100 
female births, a quite good result. We next ask how does this agree with the 
values found for sibships which must have at least one male or female? Let n be 
the average numbei in a sibship, and s be the sex-ratio. Then if we choose 
sibships in which there is at least one male, we might expect the sex-ratio to be 

{1+(n-i)s}/n, 
and that for sibships with at least one female to be 

(n- 1) s/n. 

* The data for 7 include a Cornish fishing village where the sex-ratio is far more nearly one of 
equality than elsewhere in this country; owing to the persistence of large families in this district, it 
therefore figures disproportionately in the results. 
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D. HERON 85 

Equating these respectively to *589 and *456, the sex-ratios for paternal and 
maternal sibships, we find: 

n=7-62 and s= 526. 

The latter value is precisely the value found for all sibships of the parental 
generation. The former should represenlt the average number in a sibship of 
the parental generation. It cannot be very far from its true value, because all 
sibships without at least one male (or it may be one female) have been by the 
nature of the case excluded, and furthier, no sibship has been used with fewer 
than four members. It will thus be seen that our huiman data are in good 
accordance with each other. 

So far as we can judge, in the second generation of thoroughbred horses under 
consideration there was a preponderance of mares born, the sex-ratio being *478, 
and differing from -500 by at least seven times the probable error. In the first 
generation, since there must be one filly in the produce at least, we have 

(n-1) s/n = *463, 

and if n lie between 10 and 15 as it does, this gives s = -5 within the probable 
error. In other words, the sex-ratio between the two generations appears to have 
fallen from equality to about *48, a substantial alteration. 

Turning now to the main portion of the present enquiry, we have: 

TABLE VII. 

Correlation between Sex-Ratios in Successive Generations. 

Nature of Sibships Correlation 

Sibships of Father and Offspring, Man ... ... *053+ 020 
Sibships of Mother and Offspring, Man ... ... *001 + *021 
Sibships of Parent and Offspring, Man ... ... ... *021+ -014 
Joint Parental Sibship and Offspring, Man ... ... *043 + -036 
Produce of Mother anid Daughter, Thoroughbred Horse *034?+ 021 

It is true that all these correlations are positive, but not one of them is 
definitely significanit, having regard to its probable error. Thus on rather wider 
data-in horse as well as in man-Dr Woods' position is confirmed; there is 
no inheritance, or at least no sensible inheritance, of sex. The persistent and 
sensible differences from *5 which occur in various races for the sex-ratio are 
therefore not r acial in the sense that thjey are an inherited characteristic of 
the race; they nmust be in somie manner associated with environment, nutrition, or 
habit. They appear to be a more universal, if less marked, result of such 
causes as lead certain species which ustually reproduce parthenogenitively to 
occasionally reproduce sexually. It is conceivable that the sex-ratio of produce 
may not exhaust all the characters associated with an individual which are not 
subject to the general rule of inheritance. 
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